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Abstract 


Symbolic n-plithogenic sets came with many generalizations to classical algebraic structures, with many 
interesting properties and theorems, where the symbolic 2-plithogenic structures are very similar in their 
algebraic properties to refined neutrosophic algebraic structures. The main goal of this article is to study the 
algebraic properties of symbolic 2-plithogenic matrices such as the computing on symbolic 2-plithogenic 
determinants, symbolic 2-plithogenic special values, and symbolic 2-plithogenic representations by linear 
functions. In addition, many examples will be presented and discussed in terms of theorems to clarify the 
validity of the content of this paper. 


Keywords: symbolic 2-plithogenic matrix; symbolic 2-plithogenic ring; symbolic 2-plithogenic invertibility. 


1. Introduction and Preliminaries 


Generalizing classical algebraic structures is a new research direction based on using new general systems to 
build generalized structures over them [15-17]. The symbolic 2-plithogenic algebraic structures are 
considered as novel generalizations of classical well-known structures such as symbolic plithogenic vector 
spaces, modules, and rings [1-8]. 


Symbolic plithogenic algebraic structures are very similar to refined neutrosophic structures with some 
differences in the definition of the multiplication operation, see [9-14,16-18]. 


This work discusses the concept of symbolic 2-plithogenic matrices with symbolic 2-plithogenic entries, 
were determinants, eigen values and vectors, exponents, and diagonalization will be handled in terms of 
theorems and examples. First, we recall some related concepts: 


Definition. 
The symbolic 2-plithogenic ring of real numbers is defined as follows: 

2 —SPp = {to + t.P, + t2P,3t; € R, Py X P, = Py X P, = Py, P,? = P,? = P,} 
The addition operation on 2 — SP is defined as follows: 
(to + t1P, + tpP2) + (to +P, +P.) = (tot to) + (+ t)P, + (to + (2) Po 
The multiplication on 2 — SPp is defined as follows: 
(to + t,P, + t2P2)(ty + tyP, + (P2) 

= toto + (tot, + tyty + tf) P, + (tote + tity + tote + toty + tot) Po 
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Example. 

Take T= 1+2P, —5P,,L =3+4P, + 11Py, we have: 
T+L=4+6P,+6P,,7TxL=3+(4+6+4+8)P, + (11+ 22 —55—15 — 20)P, = 3+ 418P, — 57P, 
Remark. 

IfT = to +t, P, + tzP2 € 2 — SPp, then: 


oafets [dn dn 
T T ar totty to P, totty+to to+ty P2, with to x 0,to + ty x 0, to +t, + te x 0. 


Main Discussion 


Definition. 
A symbolic 2-plithogenic square real matrix is a matrix with symbolic 2-plithogenic real entries. 
Example: 
Consider the following 3 x 3 2-plithogenic matrix: 
3+ P, — P, 1+P, 5 
( —P, +P, 3P, 4P, 
—1+2P,—P, 5+2P, 7+P,+10P, 
Remark. 


If L is a symbolic 2-plithogenic square real matrix, then L can be written as follows: 
L=Ly + L,P, + L2P2, where L; are three classical square real matrices. 


Example. 
erly Py Ath; 5 : a Ss 1 1 0 -1 0 0 

( —P, + P, 3P, 4P, )-(0 0 0) +(- 3 0) a +(4 0 ae 
—1+2P,-P, 5+2P, 7+P,+10P, -15 7 2 01 -1 2 10 


Remark. 

Let L = Lo + Ly P, + LyP2,T = Ty + T,P, + Tz Po, be two square 2-plithogenic matrices, then: 
L+T = (Lo + To) + (hy + T1) Py + (Lz + Tz) Po. 

LX T = Lolo + oT + L4Tp + £471) Py + oT: + £4T2 + LzT2 + LT) + L271) Pr 

We denote the ring of all symbolic 2-plithogenic matrices by 2 — SPy. 


Theorem. 
Let S = Sy + 5S, P, + S2P2 be a symbolic 2-plithogenic square real matrix, then: 
1). S is invertible if and only if Sp, Sp + S,,S9 +S, +S, are invertible. 
2). If S is invertible then S~* = Sy~* + [(Sp + S,)7+ — So *|Pa + [(S0 + Si + S2)7* — (So + 51) 11 Ph 
3). S™ = So™ + [(Sp + 5,)™ — So ]Py + [089 +S, +52) — (So + 5,)™]P2 form € N. 
Proof. 
1),2). Assume that So, Sp + S,,59 +S; + Sz are invertible, then we put K = Ky + K,P, + K,P 2, where 
Ko = So) Ky = (Sp + $1) — Sp 7 Ko = (So + Sy + S2)71 — (Sp + S,)7}, then: 
SX K = SoKo + (Sok, + 51Ko + 51Ky) Py + (So Kg + Sy Ky + S2Kz + S2Ko + 52K) Po 
We have: 
SoKo a Unxn- 
SoKy + SyKo + S1Ky = So(So + $1)7* — SoS * + So(So + $1)7* — SpSq7* + SoSo* 

= (Sp + S1)(Sp + 51)? - SoSo = Onxn 
Also, 
SoK2 + S,Kz + S2K2 + S2Ko + S2Ky 

= So (So + Sy + Sz)" — So(So + S1)~* + $1 So + Sy + Sz) * — S1(So + S41) 

+ S2(So + Sy + $2)74 = Sy (Sq + $4)71 + S2Sq7* + Sp (Sq + $4)74 — S2Sq* 

= (Sp + Sy + S2)(Sq + Sy + S2)7* = (Sq + $1) (So + 54)7* = Onxn 
This implies that K = S~1. 
For the converse, we assume that S is invertible, then there exists K = Ky + K,P, + K,P, € 2 —SPy such 
that S X K = Unyn. 
SX K = Unxn is equivalent to: 

SoKo = Unxn - (1) 
Sky + Sy, Ko + $1Ky = Onxn (2) 
SoKy + S,Kz + SyKz + SyKo + 82K, = Onxn 8B) 

Equation (1) implies that Sq is invertible and Ky = So *. 
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By adding (1) to (2), we get (Sp + S,)(Kp + Ky) = Unyn, So that So + S, is invertible and Ky + K, = 
(So + S,)~7, thus Ky = (Sp + S,)71 — Ky = (So + $1)712 — Sg *. 
By adding (1) to (2) to (3), we get: 
(So + Sy + S2)(Ko + Ky + Kz) = Unyn, thus Sp + 5S,+S, is invertible and Ky + K, + Kz = (Sp +5, 4+ 
S,)71, hence Ky = (Sp + S, + S2)71 — (Ky + Ky) = (Sq + Sy + S2)7* — (Sq + S,)71. 
This implies the proof. 
3). For m = 1, we get St = Sy + [(Sp + $1) — So]P, + [CS +S, + 52) — (Sp + S$) ]Po- 
We assume that it is true form = k, then: 
Sk+1 = § x Sk = [Sy + S,P, + S2Po][So* + [So + 51)” — So*]P, + [(So + Sy + S2)* — (Sp + S1)*]Pa| 
= 85°" + [Soo FSi)" — Sp" + S594 81)" — S180" +5450 Pi 
+ [So(So + S14 + S2)* — So(So + S1)* + Sy (So + Sy + S2)* — Sy (So + 51)* 
+ So(So + Sy + S2)¥ = So (So + $1) + SoS" + So (So + S1)* — S250" | Po 
= oa + [(So + S,)(So + 5,)* a Soo Ps 
+ [(So + Sy + S2)(So + Sy + S2)* — (So + S1)(So + S1)*1P2 
= Sy"*8 + [(So + Sy)? — So" *|P, + [So + Sy + S2)** = (So + 51) 1P, 
Definition. 
Let L = Lo + L,P, + LzP, € 2 — SPy, we define: 
detL = det(Lo) + [det(Lp + Ly) — det(Lo)]P, + [det(Lp + Ly + L2) — det(Ly + L,)|Po. 


Example. 


Take L = ( , P, +P, eG ee Jee 1) Pa = bo + L1Py + LoPo. 


det(Ly) = 0,det(Ly + L,) = det (; ‘) =0,det(ly +1; +12) =det(? 5) = 


1 2 

So that detL = 0 + (0 — 0)P, + (2 —0)P) = 2Py. 
If we can compute detL by the normal way, we get: 
detL = (1+ Py + P2)(P, + Pz) — (38 — Py +2P,)(Py) = Py + Po + Py + Pp + Pp + Pp —-3 + Py — 2P2 

= 2P, 
Theorem. 
Let L = Lo + LyP, + L2P2,S = Sy + Sy P, + S2Po, then: 
1). S is invertible if and only if det(S) is invertible in 2 — SP. 
2). det(S x L) = det(S) x det(L). 
Proof. 
1). According to the previous theorem, the matrix S is invertible if and only if So, So + S,,S9 + Sy, + S2 are 
invertible. 
This is equivalent to det(Sy) # 0,det(Sy + S;) # 0,det(Sy + S; +S) # 0, thus 
det(S) = det(Sy) + [det(Sp + S,) — det(Sy)|P, + [det (Sp + S, + Sz) — det(So + S,)]Pz is invertible. 
2).S XL = Spo X Lo + (Soly + SyLo + S114) Py + (Sobz + SL + Sglz + Sglo + SL) Po. 
det(S X L) = det (Solo) + [det(Sp + $1) (Ly + Ly) — det(SoLo)]P, + [det(Sp + S$, + $2)(Ly + Ly + Lz) - 
det (Sy + S,)(Lo + L1)]Pz = det(S) x det(L). 


Example. 


aie senatie G +P, +P, 3—P,+2P, 


) is not invertible, that is because its determinant det(S) = 2P, is 


not invertible. 


Example. 
ae ce ee eee 1 n,fl <1 { iv, — 
Consider X = ("35 yp 1 +42, -B =(5 ae at 2) Pe = Xo + X1Ph + Xo? 
= anda T= ae 
det(Xo) = 1,det(Xo + X1) = det (3 5) = 7, det(Xo +X; + Xz) = det (5 i) =* 


det) =H1 47 —1)P, + 4 = 7)R, = 1 + OP, — 3B, 


Eigen Values/Vectors: 

Let X =X) + X,P, + X2P, €2—SPy, we say that A=a)+a,P, +a,P, €2—SPp is a symbolic 2- 
plithogenic eigen value if and only if X.Y = A.Y;Y = yo + y,P, + y2Pz € 2 —SPy. 

Y is called the corresponding symbolic 2-plithogenic eigen vectors. 
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Theorem. 


Let A= A) + A,P, +A,P, €2—SPy, thent =t)+t,P, +t,P, €2—SPp is a symbolic 2-plithogenic 
eigen value of A if and only if tp is eigen value of Ag, to + ty is eigen value of Ap + Aj, and to + t, + ty is 


eigen value of Ag + A, + Ap. 


In addition, X = Xp + X;P, + X2P, is the corresponding eigen value vector of t if and only if Xo is eigen 


vector of ty, Xy + X, is eigen vector of tp + t;, and X9 + X, + Xz is eigen vector of ty +t, + ty. 


Proof. 
By considering the equation A. X = t.X, we get: 
AgXo = toXo 
(Ap + Ax) = (to + t1) (Xo + 1) 
(Ag + Ay + Az) (Xo +X, + Xz) = (ty + ty + te) (Xo +X. + Xz) 
Thus, we get the proof. 


Example. 
Consider the matrix: 

_1 0 2 0 -1 0 _ (14+ 2P, — P, 0 
A=(; Wea | 1 3) Pa ape ivi, ap) 


The eigen values of Ag are {1,2}. 

The eigen values of Ag + Aj are {3,7}. 

The eigen values of Ag + A, + Az are {2,10}. 
We discuss the following possible cases: 


Case 1. 
Ift) =1to +t, =3,to+t, +t, = 2, thent =1+2P, — Py. 
Case 2. 
Ift) =1tpo +t, =7,to +t, +t. =2,thent =1+6P, —5P). 
Case 3. 


Ifto =1to +t, =3,to +t, +t, = 10, thent =1+ 2P,+7Py. 
Case 4. 

Iftp =1to +t, =7,to +t, +t, = 10, thent = 1+ 6P, + 3Py. 
Case 5. 

Ift) =2,to +t, =3,to +t, +t, =2,thent =2+4+P, — Py. 


Case 6. 
Iftp) =2,to +t, =3,to +t, +t, = 10, thent =24+P,+7Py. 
Case 7. 
Iftp =2,to +t, =7,to tt, +t, = 2,thent =2+4+5P, —5Pp. 
Case 8. 


If to = 2,to tty = 7,to +t, + te = 10, then t = 24+ 5P, + 3P>. 
The eigen vectors of Ag are {u, = (1, —3), uz = (0,1)}. 

The eigen vectors of Ag + A, are {us = (1,=) ,U4 = (0,1) 

The eigen vectors of Ag + A, + Az are {us = (1,=) ,Ug = (0,1)} 
The possible cases: 

Case 1. 


tay = CBs = (4S) = (12) en = C8) + (02) A+ (08) 


Case 2. 


If u, = (1,-3), us = (1.=),ue = (0,1), then X, = (1,-3) + (0,7) pie (-1,2) Py. 


Case 3. 


If u, = (1, -3), ua = (0,1), us = (1.=), then X, = (1,—3) + (-1,4)P, + (1,2) Py. 


Case 4. 
If u, = (1,-3), us = (0,1), ug = (0,1), then X, = (1,-3) + (-1,4)P, + (0,0)P). 
Case 5. 
If u> = (0,1), us = (1.=), us = (1=), then Xs = (0,1) + (1,2) ee (0,-) Py. 
Case 6. 
If up = (0,1), u3 = (1.=),ue = (0,1), then X, = (0,1) + (1) ee (-1,2) Py. 
Case 7. 
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If up = (0,1), u, = (0,1), us = (1.=), then X, = (0,1) + (0,0)P, + (0,—) BD 


Case 8. 
If uw. = (0,1), u, = (0,1), ug = (0,1), then Xg = (0,1) + (0,0)P, + (0,0)P,. 


2. The diagonalization problem. 


Definition. 

Let Y = Y) + Y,P, + YP, be a symbolic 2-plithogenic square matrix, Y is called diagonalizable if there exists 
an invertible symbolic 2-plithogenic matrix B = By + B,P, + BzP, and a diagonal symbolic 2-plithogenic 
matrix T = Ty + T,P, + T2P, such that Y = BTB™1. 

The following theorem explains the conditions of diagonalization. 


Theorem. 
The symbolic 2-plithogenic square matrix Y = Yo + Y,P, + Y2P2 is diagonalizable if and only if Yo, Y + 
Y,,% + Y, + Y, are diagonalizable. 
Proof. 
Y is diagonalizable if and only if there exists T and B according to the definition, such that Y = BTB™}. 
First, we have: 
BT = BoTo + (BoTy + ByT) + ByT,) Py + (BoT2 + ByT> + B2T2 + BT) + B2T,)Po. 
B= fe oF [(Bo + By al By *|P, + [(Bo +B, + B,)* a (Bo F B,)~*]Pp. 
BITR-*=2,7,8, 
+ [BoTo(Bo + By) — BoTpBy * + BoT,Bo * + ByT)By * + ByT, By * 
+ BoT;(Bo + By)” * — BoT,Bo* + ByT (By + By)* — ByT,By* + ByT, (Bo + By)™* 
— B,T,By"*|P, 
+ [BoTo(Bo + By + Bz)~1 — BoTy (By + By)~? + ByT,(By + By + Bz) 
— BoT,(Bo + By)7* + ByTo(Bo + By + Bz)~* — ByTo(By + By)™* 
+ B,T,(Bo + By + Bz)~1 — ByT,(Bo + By)? + BoT2By * + BzTypBy * + ByT2By * 
+ BT,By * + ByT2By * + BoT2(Bo + By)~+ — BoT2By * + BzTo(By + By)™? 
— BzT)By * + ByT2(Bo + By)~* — ByT,By* + BzT,(Bo + By)* — BzT, Bo * 
+ B2Tz(Bo + By)” * — BzT,By* + BoT2(Bo + By + Bz)~* — BoT2(By + Bi) * 
+ B,T)(Bo + By + Bz)71 — ByTy(Bo + By)71 + ByT2 (By + By + B27} 
— B,T,(Bo + By)~* + BzT, (By + By + Bz)~* — BzT, (By + By)™* 
+ ByT>(By + By + By)~? — ByT2(By + By) 1] Py 
= BoT)By* + [(Bo + Bi) (To + Ty) (Bo + Bi)7* — BoTBo *| Py 
+ [(Bo + By + Bz) (To + Ty + Tz)(Bo + By + Bz)™* — (Bo + By) (To + T1)(Bo + B1)~*) Po 
The equation Y = BT B~1 implies that: 
Vj = BoTgBo. 
Yo + Y% = (Bo + By)(To + T1)(Bo + By)* 
Yo + ¥, + Y¥> = (By + By + Bo) (To + T, + To) (Bo + By + Bp)? 
Which means that Yo, Yo + Y,, Yo + Y; + Y2 are diagonalizable. 


3. Algorithm for the diagonalization. 


Let Y= Y) + Y,P, + Y,P., assume that Yo, Y + Y,,Y + Y, + Y2 are diagonalizable, then to diagonalize Y, 
follow these steps: 

Step 1. 

Diagonalize Yo, Yo + Y;, Yo + Y; + Y2, which means find three invertible matrices Lo, L,,L2 and three diagonal 
matrices Dp, D,, D2 such that Yy = LoDoLo 7, Yo + ¥y = LD, L1*, % + YY, + Yo = L2D2L27*. 

Step 2. 

Put B = Lo + (Ly — Lo) P, + (Lz — Ly) P2, T = Dp + (Dy — Do) Py + (Dz — Dy) Po. 

Step 3. 

We get Y = BTB™. 


Example. 
Consider the symbolic 2-plithogenic square matrix: 
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od enti alee, eae) ya Pig 3) Pe = Yo MPL + YoPs 
We have: 
m= (5 a)Moth=(5 p)tn+he=(6 Go) 


1 1 O 
tom (2p $).0=(5 Daa (8 y)m=G = (= m= 2) 


We have: Yo = LoDolio 1, Yo + Yy = 14D L477, % + Y¥, + Yo = L2D2127* 


We put: 
1 0 0 0 0 0 1 0 
B= Ly + (Ly — Lg)P, + la - Li) Pn = (, vt 7 0 Eye 1 1 \=(s.taen i 
2 
T = Dy + (Dy — Dp)Py + (Dz — Dy)P2 = (5 0) + Ge mee 3) Pe 
1+ 2P, — P, 0 
= ( 0 2+5P, +3P, 


a 0 O 0 0 
Bt=Ly) i+ (4 *— Lo *)P + (L2* 7 L,*)P, > G ) = (= Fee (= i a 
4 


1 0 
= 7 1 
3-79, — 5 Pe 1 


Now let’s compute: 


ne 0 (tah =F ‘ )- ee 0 
a 346 FP <1 0 2+5P,+3P,) —3—Z5Pp+ GP, 2+5P + 3P2 


BTB1= 3 9 7 1 
& ~ 7 5P car 24+5P, + le ar — ae : 


=(lt24- 0 )=¥ 
3428 =P). 2457, 432, 


4. The representation symbolic 2-plithogenic liner functions. 


Definition. 

Let 2—SP, = {x + yP, + zP2; x,y,z € V} be symbolic 2-plithogenic vector space, a function f:2 — SPy > 
2 — SP, is called linear if and only if: 

FfAX+Y) = fQX)+fW), f(A.X) = A. f(X) for all X,Y €2-—SP, and A€2—SP, (the symbolic 2- 
plithogenic field which 2 — SP, defined over it). 

Definition. 

Let Y = Y, + Y,;P, + YP, be a symbolic 2-plithogenic matrix, we say that Y is represented by the linear 
function f:2 —SPy > 2 — SP, if and only if: 

YT = f(T);T = to + t)P, + t2P. € 2—SPy. 

First, we characterize the structure of symbolic 2-plithogenic linear functions. 


Theorem. 

Let f:2 — SP, — 2 — SP, be a symbolic 2-plithogenic linear function, then there exist three classical linear 
transformations fo, f,, fo: V — V such that: 

f (to + tP, + t2P2) = fo(to) + [Go + fr) (to + tr) — foltod]Pi + [fo + fi + fa) (to + th + ta) — 
(fo + fi) (to + t1)] Po. 

Proof. 

First, we define h:2 — SPy > V X V X V such that: 

A(X +X, Py + X2P2) = (Xo, Xo +X, Xo +X, + Xz), and g: 2 — SP, > F X F X F such that: 

G(Ap + a,P, + azP2) = (Ap, Ay + A4, Ay + A, + Az). 

It is known F X F X F is aring, V X V X V is a module over the ring F X F X F. 

We prove that (h) is a semi-module isomorphism. 

g is well defined, if dg + a,P, + a,P, = by + bP, + byPo, then a; = b;;0 <i S 2, thus: 

(Ap, Ap + Q,,Ay +A, + Az) = (bo, bo + by, by + by + bz), hence g preserves addition: 
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G[ (ap + a, P, + AzPz) + (by +b, Py + bz P2)] = (Ap, Ap + Ay, Aq + A, + Az) + (bo, by + by, by + by + bz) 
= g(a + a,P, + AzP2) + gb + bP, + bzP2) 

g preserves multiplication: 

GCap + ayP, + 2P2)(bo + bi P, + b2P2)] 
= glaobo + (Agby + a, bo + a,b,) Py + (Agbz + azbo + azb, + aybz + azbz) Pp] 
= (Apdo, Apdo + Agby + ay bo + A,b1, Abdo + Agby + a, bo + a,b, + Apbz + agby + and, 
+ a,b, + azbz) = gap + a, P, + AzP2).g(bo + bd, P, + bzP2) 

g is bijective: 

ker(g) = {ap + a,P, + azP2 € 2 — SP; (Ap, Ay + Ay, a9 + a, + Az) = (0,0,0) } = {0} 

Im(g) = {(o, C1, C2) € F X F X F; Ado + a, P, + azP2 € 2 — SP; g(dp + a,P, + a2P2) = (Cp, C4, C2) } 
=FXFXF 

Thus g is a ring isomorphism. 

h is well defined. 

It can be proved by a similar discussion of g. 

h preserves addition: 

It can be proved by a similar discussion of g. 

h is bijective. 

It can be proved by a similar discussion of g. 

h has the property h(A.X) = g(A)h(X). 

A.X = AgXq + (AgxXy + AyXpq + A, X1)Py + (ApxXz + AgXy + AgxX, +.A,X_ + AyX2z)Pr. 

A(A.X) = (Ag Xp, Ap Xp + AgX, + AX + AzXz, AgXo + AnXy + A,X + AX, + AgXz + AyXp + A_X, + a, Xz 
+ AzXz) = (Ap, Ay + Ay, Ag +A, + An) (Xg,XQ + X4,Xp +Xy +X) = G(A)A(X) 

thus h is semi-module isomorphism. 

Now, assume that f:2 —SP, —- 2 —SPy is a linear function, then go f:2—SP, >V XV XV is a well- 

defined function. 

Let X = Xo + X,P, + X2P2 € 2 — SPy, then: 

X= GQ) = Goi Xo HXn XM + Mee) EV KV XV, 

Let Lo,Ly,L2:V > V_ be three linear transformations then L(x,y,z) = (ls (x), L107), Le (z)) is module 

homomorphism, thus: 

gt oL(X) = Lo(Xo) + [Lio + %1) — Lo (Xo) Py + [Lo (Xo + X14 + X2) — La (Xo + %2)]Pp is a __inear 

function. 

We have g™to L(X) = g-1oLog(X):2 —SP, > 2—SP,, which means that for every linear function 

f:2—SP, > 2 — SPy, there exists Ly, L,,L,:V — V such that: 

f (Xo + x1 Py + X2P2) = Lo(%o) + [Lio + %1) — Lo(%o) Pa + [La (Xo + x1 + X2) — Li Xo + x1) | Pe 


Theorem. 
Let A = Ap + A, P, + AzP, be a symbolic 2-plithogenic matrix, and X = Xp + X,P, + X2P2 € 2 — SPy, then 
there exists a linear function f:2 — SP, — 2 — SPy such that f(X) = A.X. 
Proof. 
A.X = AoXq + [(Ap + Ar) (Xo + X1) — AoXo] Pr 

+ [(Ay + Ai + Az) (Xo + Xa + X2) — (Ao + Ar) (Xo + Xa) IP2 

= Lo(%o) + [Li (Xo + 1) — Lo(%o) Pa + [Lo (%o + X41 + X2) — Li (%o + X41) ] Pe 

Lo: V > V,L4:V > V,Ly:V > V 
Lo (Xo) = AoXo 

Ly (%q + X41) = (Ap + Ar) (Xo + X1) 
Ly (% +. X1 + x2) = (Ap + Ay + Az) (Xp +. X1 + Xp) 
This implies that A.X = f(X), where f:2 — SP, > 2 — SP, is a linear function according to the previous 
theorem. 


Where 


Example. 
Let's find the linear representation of the following symbolic 2-plithogenic matrix. 


= (42 HR f—3P, )=( N42 —3)p4(1 ©) Py = Ay + ALP, + AnPs 


2-8 P4P:45R)" vt. 4 at. % 
We have: 
Ay = (5 1) Ao + As = (3 yA + Ar + Ae = (3 7) 
V = R?, 


We have: Lo(Xo) = ApXo; Xo = (X, Xo"), thus: 
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Lo(Xo) = G = ee Ne (Xp + Xo", 2% + x0") 


L1(X1) = (Ap + A X13 X= (x4, x1"), thus: 


Las= C >.) e \= (2X, — 2x4", 2%, + 2x1") 


L2(X2) = (Ap + At + Az)X2; Xz = (%2, X2""), thus: 


Mos (; oy 3 )= (3%, — 2x5", X) + 7x9!) 
Thus L(X) = Lo(Xo) + [Lo + L1) (Xo + X1) — Lo(Xo) Pi + [Lo + Li + Lz) (Xo + X1 + X2) -— 
(Lo + Ly) (Xo + X1)|P2 


We have: 
(Lo + Ly) (Xo + X14) = Lo %o + % 4, % 0" + Hy") + Ly (% + XX" + x1") 

= (% +X +x" +44, 2% + 2X, + X09’ + x4") 

+ (2X9 + 2%, — 2x9" — 2x4", 2x + 2X, + 2X” + 2x1") 

= (3x9 + 3X1, — X90" — x1", 4x9 + 4X1 + 3x0” + 3x1”) 
Thus (Lo + Ly)(Xo + X1) — Lo (Xo) = (2Xo + 3%, — 2x9" — x4", 2% + 4%, + 2x9" + 3x1") 
In addition (Ly + Ly + Lz) (Xo +X, + Xz) = Lo (Xo +X + Xq) + Ly (Xo +X, + Xz) + Ly (Xo +X, + Xz) 
Lo (Xo + Xy + Xz) = Lo (% +X, + Xq, XQ" + Hy" +x") 

= (% +X + X%y +X" AH" + XQ", 2X + 2H, + 2%. +.X9" +4" + XQ") 
Ly (Xp + Xy + Xp) = Ly (%q + Hy + Xp, XQ” +4" + x2") 

= (2% + 2%, + 2X, — 2x9" — 2x1" — 2x2", 2% + 2X, + 2X2 + 2x9" + 2x4" + 2x2") 
Lo (Xo + X1 + Xz) = Le (% +H, + %,%0" + Hy" + x2") 

= (3% + 3%, + 3X, — 2x9" — 2x1" — 2x2", %q + + XQ + 7X9" + 7x1" + 7X2") 
This implies that: 
(Lo + Ly + Lz) (Xo +X, + X2) 

= (6% + 6%, + 6%, — 3x9" — 3x1" — 3x2", 5% + 5X, + 5X, + 10%" + 10x," 

+ 10x,"") 
Now, we have: 
(Lo + Ly + La)(Xo + X1 + X2) — (Lo + Li) (Xo + X1) 

= (3% + 3%, + 6%, — 4X9" — 4x1" — 3x2", %q 4%, + 5X + 7X9 + 7X1" + 10x") 
Thus: 
L(X) = (% +X", 2% +X 9") + (2% + 3%, — 2x9" — x1", 2% + 4%, + 2x0" + 3x1") Py 

+ (BX + 3X, + 6X — 4x9" — 4x4" — 3x2", Xo +X + 5x%Q + 7X9" + 7x1" + 10x2")P, 
5. The exponent of a symbolic 2-plithogenic matrix. 


It is known that if A is a matrix, then: 


Theorem. 

Let S = So + S,P, + S2P2 € 2 — SPy, then: 

es — eo + [eso*S1 -_ e50)P, + [eSotSitS2 _ e0tS1] Pp, 
ue 


co So” 
= Jin oo = Yn=0 a nS" + [So + 51)" — So" Pi + [So + $1 + Sz)” — (So + Sy)" ]P2] = ae + 
(S sy” (So+S4 452)" (So+54)” 
Py ite 0 (5o¥8" a — me + P, pee oe a pee ae Sot") = er (rors pep 


n! n! 
[eSo*S1 +52 = eS0tS1]P,, 


6. Conclusion 


In this paper, we have studied for the first time the matrices with symbolic 2-plithogenic entries from many 
algebraic sides. We discussed the problem of diagonalization and provided an easy algorithm for solving it. 
As well, eigen values and vectors are proved with computing matrix exponents and determinants. In addition, 
the representation of this class of matrices by linear functions has been founded and provided with many 
related examples. 
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